phase contrast objective and condenser (American Optical Co., Buffalo) which had been adapted to the panphot. Photomicrographs were taken as indicated. A strobinar IV electronic fl~qhllght (Heitand Research Corp., Denver) served as source of illumination. The exposure time with this light was 1/1000 second, which was sufficiently brief to prevent blurring due to the movement of intracellular and extraceliular particles. A Leitz green photographic filter was used, and magnification on the films was 1100.
In preparations of this type, human and mouse neutrophil cells remain in excellent conclifton for 7 or 8 hours unless overgrowth of extracellular bacteria occurs. Lymphocytes and monocytes are uninjured for even longer periods. The thickness of the preparation is of the utmost importance in contributing to satisfactory microscopic observations. If the preparation is too thin the blood cells are crushed, and if it is too thick the internal details of the cells cannot properly be visualized under the phase microscope. When the coverslip is applied to the slide, the drop should spread rapidly and evenly almost to the edges of the coverslip and should not trap too many air bubbles. In such a preparation the central zone is thin and the outer zones are thick, but between them there should be an area in which the leukocytes are well preserved, slightly compressed, and capable of carrying on relatively unrestricted ameboid movement. Cells in such areas show no tendency to migrate to thicker areas of the preparation.
RESULTS
Phagocytosis of streptococci is readily observed under the phase contrast microscope. Differences in the phagocytosis of virulent and non-virulent strains will be the subject of a subsequent communication. Regardless, however, of strain differences, when a streptococcus is ingested by a human leukocyte it usually is seen within a few moments to lie in a clear vacuole, the size of the latter varying considerably from cell to cell. The vacuole persists for varying lengths of time often lasting until the cell dies. Occasionally, however, the vacuole is seen to empty itself in the space of a few seconds, and when it is located at the margin of the cell, the streptococci are seen to be egested with the fluid vacuolar contents beside the cell. Sometimes the cocci break away, and become free-floating, but more often they adhere to the side of the cell and may trail behind it to break away later or to be rephagocytized. On rephagocytosis the bacteria may or may not have a second vacuole form around them. When the vacuole that egests streptococci is located towards the center of the cell and the egestion takes place between the cell and the coverslip or slide, it may be difficult to be certain that an egestion has occurred, unless the cocci remain attached to the coverslip or slide and are disclosed as the cell moves on and leaves them.
The first observation of the phenomenon was made when a human monocyte phagocytized and then egested streptococcal strain AD 242 (Figs. 1 to 6 ). Phagocytosis of a curved chain of 4 cocci occurred shortly after the preparation was set up, and a vacuole formed around the chain. Shortly thereafter a second chain, consisting of 8 cocci, was phagocytized and came to lie in the same vacuole that contained the chain phagocytized earlier. Then the vacuole emptied itself, both chains being egested and clearly visualized outside the cell. They were then rephagocytized and remained intracellular, although not in vacuoles, thereafter. This sequence of events is shown in the illustrations.
Another example of egestion involved strain 327W and a mouse neutrophil (Figs. 7 to 18).
Two chains of streptococci were phagocytized within a short time of each other. Immediately before phagocytosis the shorter of the two chains consisted of two single cocci and one elongated coccus that had started to divide, as shown by elongation and central constriction. One of the single cocci became enclosed in a vacuole alone, and can he followed in the photographs as it migrated to the cell edge and was egested (Fig. 12) after being in the leukocyte 13 minutes. The other cocci were in another vacuole and were egested at 14 minutes. 7 minutes later they were rephagocytized by the leukocyte that had egested them.
Whether egested cocci proliferate after leaving the cell or are unable to do so appears to depend in part, at least, on how long they have been within the cell. In order to obtain pertinent information on this score it is necessary to observe and record the time of the initial phagocytosis of the chain by a leukocyte that does not subsequently phagocytize so many other chains that the first one is lost sight of and cannot be identified as such. Furthermore, it is necessary that the egested cocci remain extracellular long enough to be certain that proliferation has had an opportunity to occur, if the organisms are still capable of it, which means that they must not be phagocytized too soon either by another leukocyte or by the leukocyte that expelled them.
On several occasions we have been able to observe this entire sequence without undesirable interruption. In the sequence just described (Figs. 7 to 18) the configuration of the shorter chain was essentially the same when it was egested as when it had been phagocytized about 13 minutes earlier, except for separation of the chain into its constituent cocci. During 7 minutes outside the cell before rephagocytosis occurred, the two single cocci elongated and began to constrict centrally, which is highly suggestive of beginning cellular division (Fig. 16 compared to Fig. 13) . Observations concerning the inability of streptococci to divide within the phagocyte will be reported in another communication concerned with the intracellular fate of bacteria.
Another example of division following egestion is shown in Figs. 19 to 24. Streptococcus 327W was phagocytized by a mouse leukocyte, and after intracellular sojourn of 11 minutes, a chain of 3 cocci was egested. This chain then proceeded to divide in the extraceUular environment. The details are given in the legend of the figures.
In a third instance a chain of strain 327W was phagocytized by a human neutrophil. One coccus of the chain was egested after an intracelluhr period of almost 50 minutes. The coccus was observed for 40 minutes following egestion, and during this interval it did not divide. An abbreviated sequence of photographs (Figs. 25 to 30) illustrates these observations. Altogether 42 egestions by mouse and human leukocytes have been witnessed, and one human leukocyte was observed while it egested cocci or chains at five different times. In most of these observed egestions either the time the streptococci had been in the cell was not known or the egested cocci were rephagocytized before they had an opportunity to proliferate following release from the cell; but from the observations that have been made it may be surmised that an intracellular residence of as long as 15 minutes may not injure the streptococcus to the point that it is unable to divide following egestion; and that if it has been within the cell for as long as 30 minutes it may be unable to proliferate following egestion or may have been injured so that it has to go through a lag phase in its growth that has lasted longer than the period of observation following egestion (the longest such period in this experience being 50 minutes). The observations are too few to justify generalizations, and there may be differences in the capacity of various types of cells or in cells from various species to egest, as well as differences among various streptococcal strains in their susceptibility to injury by the intracellular environment. It may be said, however, that no significant difference has been noted in the frequency of cellular injury produced by mouse and human neutrophils. The egestion of microorganisms other than streptococci has not been adequately explored.
The above observations have concerned the phagocytosis and egestion of streptococci. That other particles may be involved in the phenomena is shown in Figs. 31 to 36.
In this experiment, which was set up to study the phagocytosis of a streptococcal strain, a human monocyte was encountered that had phagocytized an erythroeyte. The origin of the erythrocyte is not certain, but in all probability it is a sheep cell, derived from the blood broth medium in which the streptococcus was grown overnight. Whatever the origin of the cell, it had been phagocytized by the monocyte, and the serial photographs show that it was hemolyzed within the cell, forming a red cell ghost that was egested and remained extracellular for the rest of the period of observation.
DISCUSSION
The observations described above and illustrated in the figures indicate that mammalian leukocytes not only can phagocytize particles but also can egest them. In this respect they resemble the amebae, paramecia, and other protozoa that for many decades have been known to egest residues of bacteria, algae, and other organisms that serve as their source of food. It is somewhat surprising that this capacity of leukocytes has not previously received attention, but a search of the pertinent literature has failed to disclose reference to the phenomenon.
Many studies of phagocytosis in vitro have been based on assumptions that the presence of a particle within a phagocyte represents a piece of work done, and that a particle not in a phagocyte has not been phagocytized and therefore does not represent work done. The observations made here indicate unequivocally that this attitude is an oversimplification, and that actually a particle within a cell may represent three pieces of work done, namely a phagocytosis, an egestion, and another phagocytosis, and furthermore that a particle outside a cell may have been phagocytized and egested. In the case of the streptococcus, at least, egested cocci, whether they have been in the cell but a short time or a long time, whether capable of multiplication after egestion or incapable of it, are indistinguishable morphologically from cocci that have not been phagocytized.
The egestion of bacteria has been observed only from blood cells that are well preserved and actively motile. Leukocytes that have started to deteriorate, as shown by loss of motility, development of ekcessive fluidity or solidity of cytoplasm, development of haziness or increased density of the nucleus, or a peculiar form of agitated pseudopodic activity that does not result in a change in position of the cell and which appears to be one of the early manifestations of cellular injury, have not been seen to egest their phagocytized bacteria. The egestion phenomenon is essentially characteristic of healthy cells.
The observations reported here have all been made under the artificial conditions of slide preparations, and one cannot be certain that egestion also occurs in vivo. The observations do, however, indicate that the leukocytes possess the ability to egest phagocytized particles, at least under the experimental circumstances employed; and it is not unreasonable to suppose that it also may occur in inflammatory reactions. It would be relatively difficult to observe the phenomenon in vivo since prolonged observations of individual cells are necessary, but such observations should be attempted.
Whether organisms known to persist in the living state after they have been phagocytized, such as the bacilli of tuberculosis, brucellosis, and leprosy and perhaps even certain filterable viruses and rickettsiae may leave their host cells by the process of egestion is not known. It is a subject that deserves investigation, since the liberation of viable infectious agents from the cells in which they are initially lodged might play a role in their dissemination through the body.
When the bacteria have been killed before egestion, the phenomenon itself appears to be of little consequence, although it may serve as a mechanism by which microorganisms can pass beyond the first rank of defending cells in an inflammatory reaction and reach other cells of the body where they may finally be digested and where the presence of antigenic constituents may be of particular significance.
SUMMARY
Streptococci that were phagocytized by human or mouse leukocytes were usually enclosed in a digestive vacuole. At times the vacuole emptied itself, discharging the cocci to the outside. Whether the egested streptococci then multiplied in the extracellular environment appeared to depend upon how long they had been in the vacuole.
The phenomenon of egestion also involves particles other than bacteria, as shown by observation of an erythrocyte that was phagocytized by a human leukocyte and was hemolyzed intracellularly, forming a cell ghost that was then egested. The coccus continued to be extracellular and was separated from the cell by a short distance, but was still attached to it, as shown by its trailing the cell as the latter moved, although no visible means of connection could be made out.
Fro. 30. 90 minutes. The coccus finally broke away from the leukocyte completely, and was freely floating and in brownian movement (see arrow). It had not proliferated during a period of 40 minutes following its egestion.
PLATE 39
Intracellular hemolysis of erythrocyte in human monocyte, followed by egestion of red cell ghost. ( × 1700). 
